Objective: To systematically review the efficacy and safety of oral Fe therapy in pre-school children (1-5 years) with non-anaemic Fe deficiency, determined by children's developmental and haematological status and the incidence of reported side-effects. Design: A random-effects model was used to show mean differences with 95 % confidence intervals of developmental and haematological scores between Fe-treated and non-treated groups. Setting: MEDLINE, EMBASE, Cochrane library and bibliographies of identified articles were searched up to September 2011. Randomized and observational studies were assessed by two reviewers independently. Quality of the trials was assessed on the basis of concealment of allocation, method of randomization, masking of outcome assessment and completeness of follow-up. Subjects: From the titles of 743 articles, full text review was completed on forty-six and two randomized trials of acceptable quality met the inclusion criteria. The two trials included a total of sixty-nine children. Results: One study showed a statistically significant difference in the post-treatment Mental Developmental Index score among children who received oral Fe therapy v. no therapy (mean difference 5 6?3, 95 % CI 1?5, 11?0, P value not provided). Both studies showed significant improvement in serum ferritin level (mg/l: mean difference 5 51?1, 95 % CI 33?6, 68?6, P , 0?01 and mean difference 5 17?1, 95 % CI
Iron deficiency (ID) is the most common and widespread nutritional disorder in the world (1) . ID represents a spectrum ranging from non-anaemic iron deficiency (NAID: normal Hb, low Fe status) to iron deficiency with anaemia (IDA: low Hb, low Fe status). Because Fe is involved in many central nervous system processes, its deficiency may adversely affect the cognitive performance and motor development in children (2) (3) (4) . Summarized in two systematic reviews, numerous studies have established a relationship between IDA and poor cognitive and motor development in infants and children (5, 6) . However, there is conflicting evidence as to whether this delay can be reversed following treatment with oral Fe. Most randomized trials have shown that children treated with the recommended dose and duration of Fe have corrected anaemia but biochemical evidence of ID as well as poor cognitive and motor development persist (7) (8) (9) . These findings suggest that ID, when it reaches its most severe stage, may have irreversible effects.
Mild to moderate ID has also been associated with adverse developmental consequences. Observational studies suggest that, compared with children who are Fe sufficient, children with NAID tend to have lower developmental scores, verbal competency, comprehension and intelligence quotient (8, 10, 11) . However, studies focusing on the efficacy of Fe therapy in children with IDA and also including children with NAID and Fe sufficiency as comparison groups did not show developmental difference between the latter two groups (7) . Thus, the severity of ID that may impact the development of children remains unknown. Current WHO and American Academy of Pediatrics guidelines do not recommend screening for NAID (2, 12) . Therefore, children with this condition are less likely to be identified and treated. This further adds to the insufficient evidence base relating NAID as a cause of poor development in children and the efficacy of Fe therapy in this population. Furthermore, it is possible that the relationship between ID and development is confounded by other factors like low socio-economic factors, poor maternal education, low birth weight, early weaning and parasitic infection (13) (14) (15) (16) . Oral Fe is the treatment of choice for IDA because of its effectiveness, safety and cost-effectiveness (17, 18) . When taking Fe preparations orally, side-effects occur occasionally in the form of staining of teeth, vomiting, heartburn, darkening of stools, constipation or loose stools (19, 20) . Rates of non-compliance attributed to sideeffects range from 0 % to 6 % (21) . The current controversy regarding ID in children relates to the degree of ID that impairs child development and the efficacy of Fe therapy in correcting developmental deficits (22) . The overall aim of the present evidence synthesis was to determine whether there is enough evidence to suggest that NAID is causally associated with poor development in children and whether oral Fe therapy is effective in improving development in pre-school children with NAID. Considering the irreversible developmental impact of IDA, we hope that this systematic review will focus attention on NAID, the early stage of ID, in order to build an evidence base for screening and treatment of NAID to prevent progression to IDA.
Objectives
The primary objective of the current review was to evaluate the efficacy of oral Fe therapy in children of pre-school age (1-5 years) with NAID, defined as serum ferritin ,12 mg/l and Hb . 110 g/l, in improving developmental outcomes. The secondary objectives were to evaluate the efficacy of oral Fe therapy in terms of haematological outcomes and incidence of side-effects of Fe therapy in children of pre-school age (1-5 years) with NAID.
Methods

Criteria for considering studies for review
Types of studies Randomized or quasi-randomized controlled trials and observational studies with prospective longitudinal design were considered for the current review. Separate metaanalysis for observational studies and randomized controlled trials were planned to avoid methodological heterogeneity.
Types of participants
The participants were Fe deficient (serum ferritin ,12 mg/l) but non-anaemic (Hb . 110 g/l) children who were otherwise healthy and aged 1-5 years. Studies on children with developmental disorders, chronic disease, congenital or genetic disorder and ID were excluded.
Types of interventions
The dose and duration of Fe therapy have been established for IDA but not for NAID. According to guidelines for the prevention of IDA and the opinion of experts, it was decided to select studies with a minimal dose of 2 mg elemental Fe/kg body weight per d once daily, administered for a minimum duration of 3 months (2, 23) . The treatment group included children who received oral Fe therapy ($2 mg elemental Fe/kg body weight per d administered for $3 months) with or without other interventions aimed at improving Fe level (such as dietary counselling, vitamin C, folic acid). The control group included children receiving placebo or no treatment.
Types of outcome measures Primary outcome. The primary outcome for the current review was the change or the end-of-study scores of children's development, measured using any standardized scale that can be converted to standard scores expressed by mean and standard deviation. Bayley's Scale of Infant Development (BSID) is one such scale which has a population mean of 100 and an SD of 15 (24) . Secondary outcomes. Secondary outcomes included the change or the end-of-study levels of Hb and serum ferritin. Safety outcomes included the rate of any reported side-effects of Fe treatment including vomiting, heartburn, constipation, loose stools, staining of teeth and darkening of stools.
Search methods for identification of studies A comprehensive search strategy was performed to identify all relevant studies, including searching the electronic literature and hand searching. We searched the following electronic databases and updated results as of 13 January 2011: MEDLINE (1950 to the present), EMBASE (1980-2011 Week 1) and the Cochrane Controlled Trials Register (CCTR; Cochrane Library issue 4, 2010). We scanned reference lists of identified trials and important review articles for published studies which may have been missed by the literature search. We included only published data in English language. However, we planned to contact key authors of those articles where we expected to find data not published but relevant to our review.
Search terms
Under the supervision of an expert librarian (E.U.), the following key search terms were used: 'anemia/ hypochromic anemia', 'iron/blood', 'iron-deficiency' and 'ferritin' combined with concepts of child development. Appropriate truncations and possible misspellings were included. Where appropriate, a trials search filter was applied. The described search strategy (detailed search strategy shown in the Appendix) was used for MEDLINE. For use with EMBASE and the Cochrane Library this strategy was adapted slightly.
Data collection and analysis
Selection of studies Titles and abstracts of studies identified on searches of electronic databases were read to determine whether they might meet the inclusion criteria. Full copies of those possibly meeting these criteria were assessed by two independent reviewers (K.A., T.K.). Studies that met the inclusion criteria were again reviewed by the same reviewers for quality assessment. Differences of opinion about inclusion of studies and quality assessment of studies were resolved by discussion. Arbitration by a third reviewer (P.C.P.) was kept open.
Assessment of risk of bias in included studies
For randomized controlled trials, the two reviewers (K.A., T.K.) independently assessed the methodological quality of the studies using a predefined checklist, as suggested for the Cochrane Database of Systematic Reviews (25) . We performed an overall assessment of risk of bias, based on responses from criteria used to assess the quality of the studies. Studies that reached A or B score were intended to be included in the meta-analysis. For studies with longitudinal designs we intended to score the quality of the studies using the Newcastle-Ottawa Scale (NOS) (26) . We planned to include studies that had at least one star in each category of the scale. Assessment was intended to be carried out independently by two reviewers.
Data extraction and synthesis
We planned to use the RevMan software version 5?0 to generate meta-analyses and show summarized effect size if appropriate data were available. Data regarding the stated outcomes of the review (standardized mean difference (SMD) or mean difference (MD) with 95 % CI for continuous outcomes and relative risk (RR) with 95 % CI for binary outcomes) were extracted and entered into the RevMan software. The original data were not modified but for the purpose of data synthesis for meta-analysis, calculations were required from available data. Pooled results were to be presented as forest plots. Statistical heterogeneity was assessed using the Cochran Q test and by calculating I 2 values. We expected methodological, clinical and statistical heterogeneity among the studies. Thus, we intended to use the random-effect model for meta-analyses. Subgroup analysis for children aged ,2 and $2 years was planned. The robustness of the results were intended to be checked by performing sensitivity analysis showing the influence of study quality as well as the influence of large-scale studies. In the case of duplicate publications and companion papers of a primary study, the original publication (usually the oldest version) obtained priority. We intended to assess publication bias using the funnel plot method.
Results
Literature search
Excluding duplicates, 743 articles were identified in first scan; 697 were excluded after reading the titles and abstract ( Fig. 1) . Full text review was completed on fortysix articles and we identified two randomized clinical trials of oral Fe treatment in which children with NAID were randomized to a treatment or control group (27, 28) . For both studies, the primary objective was to study children with IDA; however, both included children with NAID as a comparison group, and these data were available for the review. No studies with observational design met the inclusion criteria. The reason for exclusion of forty-four studies is reported in Table 1 .
Study participants and interventions
The baseline characteristics of the children in the two included studies and the dosage and duration of oral Fe treatment are reported in Table 2 . Both studies used the same inclusion criteria: birth weight greater than 2500 g; singleton; no major congenital anomalies; no jaundice treated by phototherapy; no hospital admission or supplementation with micronutrients during the 6 months before enrollment; no clinically identified neuromotor delay; no chronic illness or folic acid deficiency; no signs of abnormal haemoglobinopathy or thalessaemia; and weight, length and head circumference within 62 SD of reference standard. Akman et al. (2004, Turkey) included 108 children aged 6-30 months (average age 17 months) (28) . Of these, forty (37 %) had NAID; twenty-one received oral Fe treatment and nineteen received no treatment. Oral Fe was given for 3 months at a dose of 3 mg elemental Fe/kg body weight per d, twice daily. The Hb and serum ferritin cut-offs were: IDA (Hb , 11 g/dl, serum ferritin #12 mg/l, mean corpuscular volume ,70 fl) and NAID (Hb $ 11 g/dl, serum ferritin #12 mg/l, mean corpuscular volume $70 fl). Idjradinata et al. (1993, Indonesia) included 141 children aged 12-18 months (27) . Of these, twenty-nine (21 %) had NAID; fourteen received oral Fe treatment and fifteen received no treatment. The oral Fe was given for 4 months at a dose of 3 mg of elemental Fe/kg body weight per d. The Hb and serum ferritin cut-offs were: IDA (Hb , 105 g/l, transferrin saturation #10 % and serum ferritin #12 mg/l) or NAID (Hb $ 120 g/l, transferrin saturation #10 % and serum ferritin # 12 mg/l). Children whose Hb level was between 105 and 120 g/l were excluded.
Methodological quality
The results of the assessment of the risk of bias of the two included studies are reported in Table 3 . Both studies showed moderate risk of bias (B quality). Both studies provided insufficient information regarding allocation concealment. Akman et al. (2004, Turkey) was a singleblind trial; mothers were not blinded because placebo was not used. Further, although the two groups differed in a number of variables, for example sociodemographic variables, it was not clear whether the analysis was adjusted for these differences. Idjradinata et al. (1993, Indonesia) did not report on the method of laboratory analysis. Both studies reported child development using the BSID. This scale reports development using two indices, the Mental Developmental Index (MDI) and the Psychomotor Developmental Index (PDI), with the standardized score having a mean of 100 and an SD of 615.
Outcomes Meta-analyses were not performed due to high level of heterogeneity (see 'Heterogeneity and publication bias' section) between the two studies. Considering the primary outcome, comparison of the MDI and PDI in the Fe-treated and non-treated NAID groups, Akman et al. 
Heterogeneity and publication bias
Clinical heterogeneity between the studies is described in Table 2 . Some of this heterogeneity can be explained by the difference in the range of age of the children in the 2 value 0 %, indicating less heterogeneity. However we were not able to estimate the between-study variance with precision with only two studies because the p 2 (variability) as well as I 2 become 0 when Q # k 2 1 (df 5 1). Due to the lack of homogeneity between the studies we decided not to show the combined effect size of the results. We are unable to comment on the publication bias issue with only two included studies.
Subgroup and sensitivity analyses
Since only two studies met the inclusion criteria, this restricted us from performing any predefined subgroup or sensitivity analyses.
Discussion
Major findings
In the current systematic review, two randomized controlled trials were identified for children of pre-school age with NAID treated with oral Fe treatment v. no treatment. This limited number of identified studies on NAID shows the need to carry out more research on this very important topic. Furthermore, due to high level of clinical, methodological and statistical heterogeneity we were unable to combine the results of the trials. One study demonstrated a significant difference in the BSID MDI post oral Fe treatment (28) . Neither study demonstrated a significant difference in the post-treatment BSID PDI. However, neither study adjusted for pre-treatment development score. Therefore, the efficacy of oral Fe therapy in children with NAID to improve developmental outcome remains in question.
For the haematological outcomes, both studies demonstrated a significant improvement in the post-treatment serum ferritin levels. One demonstrated a significant improvement in the post-treatment Hb level (27) . The other study, despite demonstrating a significant improvement in post-treatment serum ferritin level, did not demonstrate a significant difference in post-treatment Hb level (28) . A possible explanation for this finding is that these children may have had very mild ID. It has been shown in therapeutic trials of Fe treatment that children with greater ID respond to Fe treatment at a higher rate (increase of Hb 10 g/l is indicative of ID) (29) .
Limitations
Several methodological and statistical issues lead to the finding that both studies had moderate risk of bias. These issues include: no information regarding allocation concealment (both studies), inadequate blinding of participants (Akman et al.) , no clear statement of adjustment for biases (Akman et al.) and no clear statement on adjustment for various confounders. Another important limitation to these studies was the lack of power to demonstrate a difference in children with NAID. Idjradinata et al. stated: 'If the developmental effects of non-anemic iron deficiency were smaller than those of iron-deficiency anemia then the sample size needed to detect such differences would have to be larger than the sample included in the present study' (27) . In addition, a comprehensive review on the effect of ID on the development of children by GranthamMcGregor and Ani (2001) specifically emphasized the importance of power and sample size (5) .
Relation of findings to those of similar studies A recently published review of prophylactic administration of Fe to healthy infants and pregnant mothers showed no improvement in MDI (30) . Meta-analysis of three of the five included studies revealed a 4-point increase in PDI; however, the numbers of infants and studies included in the review were too small to make any conclusive recommendation for screening for ID in young children. The current review is fundamentally different from the above-mentioned one where the effect of prophylactic administration of Fe to non-ID children was examined. We focused our review on healthy children with NAID.
To date, most of the attention regarding ID has been focused on the impact of Fe treatment in children with IDA (5, 6) . Studies focusing on Fe treatment for children with IDA are unable to provide relevant data for children with NAID. The reasons for this gap in knowledge include study groups not being categorized according to the different levels of ID; no control group for the subsets of ID; most studies compared IDA with Fe-sufficient children or children with lower level of ID. This underscores the importance of studies specifically aimed at children with NAID, which is a highly prevalent and under-recognized condition in young children both in developing and developed nations.
Implication on practice
Evidence is insufficient to recommend Fe treatment to children with NAID.
Implication on research
There is an urgent need for research examining the effectiveness of oral Fe treatment in children of pre-school age with NAID in respect to their developmental outcome. In order to determine if NAID is causally associated with poor development and to determine the efficacy of oral Fe treatment, adequately powered (to identify a significant difference between Fe-treated and not treated groups of children with NAID) and well-designed blinded, randomized controlled trials must be conducted. In addition, reporting of side-effects of Fe treatment should be emphasized in these trials.
Conclusions
Our findings suggest that data regarding developmental outcomes of children with NAID following treatment with oral Fe abstracted from trials specifically aimed at understanding the relationship between Fe and development in children with IDA are few and inconclusive. NAID as a cause of poor development and the efficacy of oral Fe therapy to reverse or prevent Fe-related developmental impact in this population can only be achieved by randomized trials specifically targeting children with NAID. It is imperative that these trials have adequate sample size to detect significant differences in the NAID population. Current evidence indicating the irreversible nature of IDA further strengthens the need to identify and treat children with ID while they are still in the non-anaemic stage.
